ABSTRACT -The objective of this study was to determine the best level of oil licuri concentrate on dairy cows. The best level was determined through an analysis of the milk's chemical composition and fatty acid profile. Sixteen lactating cows from the Holstein × Zebu cross breed kept on Tanzania grass pastures were divided into four 4 × 4 Latin squares, which were formed by four experimental periods of 21 days. The 21-day experimental periods were divided into 17 days for adaptation and four days for collection. Cows received three kg of concentrate per day, at the time of milking. Treatments consisted of four types of feed containing the following levels: 0, 1.5, 3.0, and 4.5% inclusion of dry matter (DM) licuri oil concentrate.
Introduction
The evaluation of new animal feed ingredients must be conducted to generate more information, to increase food options and mainly to focus on regional characteristics of raw material production to reduce the cost of feed and the likely environmental impacts (Macedo et al., 2008) .
It is within this context that several studies (Rossato et al., 2009; Costa et al., 2009; Fernandes et al., 2009; Santos et al., 2009 ) have aimed to improve the nutritional composition of foods, mainly those of animal origin, intended for human consumption. The fatty acids (FA) profile is important in determining milk quality because both its quantity and food's lipid composition have a great influence on human health (Nörnberg et al., 2006) . However, when using the lipid supplement it is possible to achieve the same goal without compromising the animals' health; also, it is possible to produce modifications in the milk's fatty acid depending on the lipids used (Kay et al., 2006) . Additional lipids can alter milk composition and physicochemical characteristics, such as those with high levels of saturated fatty acids (SFA). The supplement of diets with oils may have different results in the production and milk composition as well as in the levels of proteins, fats, total solids and other milk components (Baumgard et al., 2007; Palmquist & Jenkins, 1980) . Many studies have been conducted in this research area in recent years (Rossato et al., 2009; Costa et al., 2009; Fernandes et al., 2009; Santos et al., 2009) .
Licuri [Syagrus coronata (Martius) Beccari] is a major palm from the semiarid region of northeastern Brazil and is well adapted to the savanna regions. It has a great potential in terms of food, ornamentation and animal feed. However, this culture is still explored in extraction. According to Crepaldi et al. (2001) , nutritional analysis of licuri fruit reveals a noticeable the lipid content (49.2% of the fruit pulp). Because information on the licuri is scarce or nonexistent in the literature and due to its occurrence in the Brazilian Northeast, it is important to understand the effects of using extracted oil from this fruit in animal feed (Silva et al., 2011; Silva et al., 2010; Borja et al., 2010) . The objective of this experiment was to find the optimum level of licuri oil supplement (0.0, 1.5, 3.0 and 4.5% of dry matter) for dairy cows and to determine the chemical composition parameters, the milk fatty acid profile, the atherogenicity index and the relationship between fatty acids.
Material and Methods
The experiment was conducted between June and September 2007, on the Fazenda Experimental of Universidade Federal da Bahia (12° 23' 57.51" S, 38° 52' 44.66" W) in the municipality of São Gonçalo dos Campos, Bahia, which is located 108 km from Salvador, in the north-central region of Bahia and micro-region of Feira de Santana (Recôncavo).
The total area of the experiment was 8 hectares, consisting of Panicum maximum cv. Tanzania I pastures, which were divided into 10 paddocks of 8000 m 2 and surrounded by electrified wire. All of the paddocks contained troughs for the mineral mixture supply and water. The pasture was managed in a rotational system, with four days of occupation and 36 days of rest. This rotation system respected the average forage supply of 10% of the body weight in dry matter (Table 1) , through a put and take system, in which the regulating animals were used to maintain the desired supply. A reserved area of 3 ha was used for the regulator animal's inhabitance. The monitoring of pasture DM availability was performed with ten random releases of a square with an area of 1 m 2 in the paddock before the animals' entry and exit. The difference in the amount of forage in the animals' entry and exit was used to determine the rate of grass growth, which is necessary for the calculation of the load adjustment. Sixteen multiparous lactating cows were used. These cows were Holstein × Zebu crossbreds with an average weight of 500±72 kg. They were also between the 45 th and 90 th days of lactation and were identified by ear rings. The cows had an average production of 8 liters of milk/day and were divided into four 4 × 4 Latin squares (four treatments × four periods × four animals in each treatment). The experiment was divided into four experimental periods of 21 days that consisted of 17 days of adaptation and 4 days of data collection.
The treatments were levels of licuri oil in concentrate compounds that also contained corn meal, soybean meal and urea. The addition of licuri oil was done in levels of 0.0, 1.5, 3.0, and 4.5% in the dry matter concentrate (DM) ( Tables 2 and 3 ). The supplements were balanced to meet the cows' nutritional requirements according to the National Research Council (NRC, 2001) . Three kilograms of concentrate supplement/cow/day were offered, divided into two meals a day (at 6 a.m. and 16 p.m.).
The animals were mechanically milked twice daily (at 6 a.m. and 16 p.m.), when they received the concentrate diet. In the last four days of each experimental period, the milk production was evaluated.
To analyze milk chemical composition, 150-mL samples were collected at each milking of each animal. These samples were then packed in previously identified plastic bottles and sent to the Laboratório de Inspeção e Tecnologia do Leite, EMEV/UFBA. For each sample, the crude protein, fat and total solids were evaluated by an infrared analyzer (BENTLEY, 2000) . The content of the dry extract solids were obtained by subtracting the percentage of the fat in the percentage of the total solids.
To analyze the milk fat's fatty acid profile, a sample was collected from each animal per milking, which was subsequently frozen and analyzed at the Laboratório de Nutrição e Crescimento Animal, Escola Superior de Agricultura Luiz Queiroz (ESALQ), USP.
In determining the concentrates' fatty acid profile, feed ingredients and forage, the method described by Rodriguez-Ruiz et al. (1998) Table 2 -Extrusa and ingredients' chemical composition used in the concentrate for lactating cows subjected to licuri oil supplement acid profile was estimated by gas chromatography that used a 100-m capillary column of fused silica (CP-Sil 88), hydrogen as carrier gas (1.0 mL/min), a flame ionization detector (FID), an injector temperature at 250 o C and a detector at 300 o C and a samples injection ratio of 50:1. The protocol race started with 70 o C and was maintained for four minutes, then raised 13 o C/min up to 175 o C and was maintained for 27 minutes, followed by another rise of 4 o C/min up to 215 o C and maintained for over 9 minutes, and finally an elevation of 7 o C/min to 230 o C and was maintained for another 5 minutes.
In determining the profile of fatty acids in milk fat, the lipids were extracted by a mixture of organic solvents (hexane:isopropanol) as described by Hara & Radim (1978) . The lipid fraction was methylated with a basic solution of methoxide sodium, according to Christie (1982) , with adaptations by Chouinard et al. (1998) . The changes were introduced to reduce the oxidative processes during the process of extraction and hydrolysis as well as to improve the hydrolysis of the milk fat's phospholipids. The fatty acid profile was determined by gas chromatography using a 200-m capillary column of fused silica (Varian CP-2571), hydrogen as carrier gas (1.8 mL/min), a flame ionization detector (FID), an injector temperature of 250 o C, a detector temperature of 300 o C, and samples injection ratio of 20:1.
The race protocol for the milk's fatty acids began with 100 o C and was kept for seven minutes, then raised 10 o C/min to 165 o C and was continued for five minutes followed by another increase of 0.5 o C/min to 210 o C and maintained for another 10 minutes, and finally an elevation of 5 o C/min to 240 o C and maintained for another five minutes. The identification of fatty acids occurred by comparing their retention times with those observed in the trade patterns (C4-C22), as the 18,919-1AMP -Supelco, methyl ester mixture of 37 fatty acids, and standard butter (CRM 164 -Commission of the European Community Bureau of Reference, Brussels, Belgium).
The fatty acids were estimated by the means of pure commercial standards: 05632 -SIGMA, methyl ester mixture of conjugated linoleic acid cis-9, trans-11 and trans-10, cis-12; V1381 -SIGMA, acid methyl ester vaccenic; D2659 -SIGMA-methyl ester of docosahexaenoic acid cis-4, 7, 10, 13, 16, 19 (DHA), E2012 -SIGMA-methyl ester of eicosapentaenoic acid 8, 11, 14, 17 (EPA) . A standard butter reference (CRM 164) was also used to calculate the recovery factors of the short-chain fatty acids. From the fatty acid profile, the atherogenicity index (AI) was calculated, as proposed by Ulbricht & Southgate (1991) The ratios between total unsaturated fatty acids (Insat) and saturated (Sat) and omega-6 (n-6) and omega-3 (n-3) were also calculated. The fatty acid profiles of the concentrates and extrusas were analyzed by gas chromatography in the Laboratório de Nutrição e Crescimento Animal, Escola Superior de Agricultura Luiz Queiroz -USP (Table 4) .
The experiment was designed in four Latin squares (4 × 4), each one with four animals, four periods and four levels of licuri oil in the concentrate. The data were subjected to analysis of variance and regression, using the GLM (General Linear Models) procedure of the SAS 9.1.2 ® statistical program (2004) and adopting a significance level of 5%.
Results and Discussion
The results of the milk's physical and chemical analyses found in this study (Table 5) are within the range of values recommended by the Regulamento de Inspeção Industrial e Sanitária de Produtos de Origem Animal (BRASIL, 1980) . This finding shows that milk characteristics do not change when cows on pasture consume licuri oil concentrate. Therefore, cows produce milk with a normal composition, as described by the law, which can be used by the dairy industry.
The linear increase (P<0.05) in daily milk production (Table 5 ) is the result of the cow's higher intake of the concentrates, stimulated with increasing levels of licuri oil supplement in this experiment, that even without increasing DM intake, promoted better DM and EE digestibility. A higher intake of concentrates probably provided an increased synthesis of propionic acid, which is a precursor of glucose. Glucose, in turn, is related to the synthesis of lactose, which is responsible for the increase in the volume of the milk produced (Costa et al., 2009 ).
There was a linear increase (P<0.05) in milk fat when the cows were fed licuri oil; this result is due to increased activity of the enzyme complex fatty acid synthase because this oil has in its composition 83.02% of fatty acids of short and medium chains, which may have stimulated the enzyme activity in the mammary gland. The milk fatty acids are synthesized in three ways: de novo synthesis, mobilization of body fat and fatty acids from the bloodstream. The AG, up to 14 carbons, are formed from the de novo synthesis and palmitic acid is derived from the three previous mechanisms (Grummer, 1991) . The long-chain fatty acids are absorbed into the bloodstream and can be metabolized in the mammary gland. According to Palmquistand Jenkins (1980), the de novo synthesis of milk fat from ruminants can be enhanced when the lipid source is composed mostly by short-chain Table 5 -Daily production and milk composition of cows on pasture subjected to licuri oil supplement fatty acids and an average metabolism that occurs by the increased activity of the enzyme fatty acid synthase. In this research, there was increased digestibility of DM, even with reduction in the forage:concentrate ratio and reduced intake of NDF. This increased DM digestibility suggests the occurrence of compensation with a higher production of acetic acid, which is a precursor of milk fat. In addition, the ether extract concentrated in licuri oil, ranging from 1.18% to 5.64% of the DM, is below the maximum recommended for feeding to ruminants, which is 6% to 7% of the total diet (NRC, 2001). Thus, no damage on digestibility was observed in the diet.
The results of this experiment were different from those found in other studies of milk fat. In experiments with cows fed diets containing fish oil (rich in linoleic and linolenic acid) as a source of lipids, Bu et al. (2007) and Abughazaleh & Holmes (2007) reported they had found no statistical difference when they supplemented concentrate for cows on pasture with added lipids.They explained that these results were promoted by reducing the de novo synthesis in the mammary gland, which was inhibited by high concentrations of unsaturated fatty acids of additional sources. These authors also reported that, in general, the saturated fat increase has no effect on the concentration of milk fat, while reducing the synthesis of unsaturated fat in the milk, which characterizes the main difference between these studies and the present experiment, the chemical characteristics of oils used, in licuri oil mainly, saturated fatty acids and fish oil, which has in its composition greater amount of unsaturated fatty acids.
There was a linear effect (P<0.05) in the concentration of cow milk proteins when supplemented with the licuri oil, but not in its production. This result is explained by the dilution effect of the higher volume of milk produced with the addition of oil. However, the causes of the reduction in protein content when the addition consists of lipids are not yet fully established. The results observed in this study indicate that supplement with lipids could reduce the uptake of amino acids due to the low response of breast tissue to insulin (Kay et al., 2006) . Thus, the most acceptable proposal to explain the reduction in the milk's protein content with lipid supplement is the lack of insulin response by the mammary gland. Palmquistand Moser (1981) observed that the clearance rate of plasma glucose was negatively related to the increase in insulin concentration induced by a glucose overload. Consequently, diets rich in triglycerides could cause an insulin resistance, which slows the uptake of amino acids by the mammary tissue for the synthesis protein (Wu and Huber, 1994) . These justifications are related to this study because the plasma glucose levels measured in these animals were above the levels established as normal for cattle. Wu et al. (1993) tested three sources of fat and found that supplement reduced the protein content in milk (3.13, 3.05, and 2.97) but did not reduce its production, for control or supplemented diets with tallow or palm fatty acids or crystallized fat. The results were explained by the lowest intake of amino acids available for uptake by the mammary gland, a situation resulting from lower microbial protein synthesis in the rumen. The linear increase (P<0.05) percentage of total solids in milk (Table 5) shows that, as it raised the level of licuri oil, the fat content of milk also increased and, even with the reduction in protein content, it positively influenced the solid milk fraction.
The presence of oil linearly reduced (P<0.05) the protein/fat ratio, which is of great interest to the industry and dairy producers in regions where there are quotas for fat. This fact is related to increases in fat content and the reduction in milk protein, which are influenced by the increase in daily milk production caused by the oil levels in the concentrate. A linear increase (P <0.05) of licuri oil levels provided in the concentrate was observed to increase the levels of butyric acid, caproic, caprylic, capric and lauric milk, which was attributed to the improvement in DM digestibility, provided by the inclusion of licuri oil. Thus, it is possible that it reached the proportions of acetate and beta-hydroxybutyrate, which are important precursors in the synthesis of short chain fatty acids and medium.
The increase (P<0.05) in the levels of myristic and palmitic acids (Table 6 ) may be related to the increase in milk fat in animals subjected to supplement with concentrate containing licuri oil because myristic and palmitic acids are major saturated fatty acids (57.81%) that make up this oil as well as the addition of carbon, which is promoted by the enzyme system elongases, and the fatty acid chains of shorter length (Gallo et al., 2007) .
According to Baumgard et al. (2007) , palmitic acid has an important relationship to increased serum cholesterol, and thus, it is recommended in small amounts in animal products. Palmatic acid may also be related to indexes that assess its risk to human health. Thus, the linear increase in the concentration of this fatty acid in milk from cows fed licuri oil may be another risk factor for coronary heart disease in men.
The levels of licuri oil added to the feed linearly decreased (P<0.05) the levels of stearic acid but did not affect (P>0.05) the levels of oleic acid in milk. Part of the stearic acid is transformed into oleic acid by the action of the enzyme Δ-9 desaturase in the mammary gland, which leads to carbon insaturation on the ninth carbon; thus, isomeric intermediates for the synthesis of conjugated linoleic acid are formed (such as the oleic acid),which improves the milk fatty acid profile.
C18: 1 cis-9, known for its hypocholesterolemic property, was the monounsaturated fatty acid present in greater quantity but was not influenced by the addition of licuri oil in the concentrate (P>0.05). This fatty acid is also a product of the desaturase enzyme's activity. According to Beaulieu et al. (2002) , the activity of thisdesaturase enzyme is responsible for the desaturation of carbon atoms 16 to 18 on the saturated fatty acids, converting them into their corresponding monounsaturated forms, with a double bond at carbon 9. The C18: 1 cis-9 in the milk probably did not differ compared with the reduced concentrations of its precursor C18: 0, which lowered as the oil was included in the concentrate; thus, this finding reflects the decline of its precursor, possibly by the action of elongases.
The concentrations of fatty acids C18: 3 n-6 in milk were not statistically different (P>0.05) between the levels of licuri oil (Tables 3 and 6 .), while the concentration of fatty acids C18: 3 n-3 and linoleic had a linear effect. Thus, including licuri oil, mantaining of the forage:concentrate ratio above 80% and increasing in DM digestibility may have favored the development of fibrolytic microorganisms that biohydrogenate the UFA, reducing its level in milk. The UFA levels were not affected by the licuri oil (P>0.05); however, the levels of PUFA linearly decreased (Table 7) , which are results that reflected the fatty acid profile of the concentrate on the metabolism of fatty acids in milk. UFA and PUFA are not synthesized by the mammary tissue of ruminants and their concentration in milk depends strictly on the amount absorbed from the bloodstream, by the mammary gland, and the FA that did not suffer biohydrogenation in rumen. Therefore, with the increased level of licuri oil, encouraging greater consumption of concentrate (greater amount of saturated fatty acids) and less of forage (greater amount of unsaturated), the availability of UFA obtained by the mammary gland for milk fatty acid composition may also have been reduced, providing these effects. ) ; 5 n-3 -omega 3; 6 n-6 -omega 6; 7 n-3 and n-6 fatty acids ratio; 8 Atherogenicity index; SEM = Standard error of the mean; R 2 = coeficiente de determinação. Table 6 -Percentages of fatty acids in milk fat (g/100 g fat) of cows on pasture, subjected to levels of licuri oil
Licuri oil added to the concentrate of cows does not affect (P>0.05) the concentration of unsaturated fatty acids, saturated and monounsaturated or the ratio unsaturated/saturated (Table 7) .However, the addition of licuri oil linearly decreased (P<0.05) the concentration of polyunsaturated fatty acids (PUFA) in the milk. Wood et al. (2003) recommended that the ratio of unsaturated/saturated fat in a human diet be above 0.4. Thus, even with reductions in the concentration of acids, the ratios of unsaturated/ saturated fat at all levels were above the recommended rate.
As for the length of the carbon chain, the concentrations of short chain fatty acids (SCFA) and medium chain fatty acids (MCFA) were higher (P<0.05) for animals under the licuri oil supplement. The opposite behavior was observed for the concentrations of long chain fatty acids (LCFA) as the lipid supplement to the diet linearly decreased (P<0.05) the concentrations of these fatty acids in the milk fat.
Additionally, short chain fatty acids (less than 11 carbons) and medium chain fatty acids (11-16 carbons) are derived from de novo synthesis, which was stimulated and there was an increase (P<0.05) in the fatty acid chain with these extensions, acetate and to a lesser extent ß-hydroxybutyrate, which are the sources of carbon. The long-chain fatty acids (LCFA) absorbed from the bloodstream reduced with the increasing levels of licuri oil, without obtaining the mammary gland substrates for the fatty acid composition of milk.
For dairy industries, the increase in SCFA is interesting, especially if the target of that milk production is cheese because this increase in SCFA is responsible for increasing aroma and flavor in cheese production and for increasing the yield in butter production (Lee et al., 2006) . The increase of unsaturated fatty acids, along with the reduction of saturated fats, supports the lowering of blood cholesterol in humans (Duarte et al., 2005) and causes a positive impact on human nutrition.Specifically, the increase of unsaturated fatty acids contributes to the prevention of chronic diseases as well as to improving the image of dairy products to consumers. Thus, several indexes or ratios are used to indicate greater or lesser influence on the susceptibility of these dietary disorders.
In this research, there was no difference between the treatments for the n-6/n-3 ratio, and all values are above the maximum recommended by Wood et al. (2003) , who showed values below 4 in milk as beneficial to human health. The n-6/n-3 ratio is an important indicator of the nutritional quality of milk because it has an influence on risk factors related to the emergence of cancer, heart disease and the formation of thrombi or clots that can lead to heart attacks (Enser et al., 2001 ).
Regarding the atherogenicity index (AI), there was a linear increase (P<0.05) of the addition of licuri oil in the concentrate, which resulted in increased levels of C12: 0, C14: 0 and C16: 0 in milk. These saturated fatty acids have a positive influence on the LDL plasma levels, also called "bad cholesterol" (Chardigny et al., 2008) , so the lower the value of this index, the more beneficial the product is to human health.
The amount of fatty acids transferred from the diet to milk fat is directly related to the type of supplement used. Therefore, the manipulation of lactating cows' diet, depending on the goal proposed for the final product, can be a way to control the nutritional characteristics and/or physicalchemical properties of milk fat.
Conclusions
The optimum level of licuri oil in the concentrate for cows on pasture is 4.5% of DM. In this level, increases in the percentages of fat and total solids were observed. This finding is important to the dairy industry and regions where the price of milk varies according to its composition. The addition of licuri oil in the concentrate has undesirable effects on milk fatty acid profile, increasing the concentration of the saturated fatty acids and the atherogenicity index, which may be related to increased risk of coronary heart disease in men.
